Objectives: To examine the association between process performance measures and clinical outcome among patients with hip fracture. Design: Nationwide, population-based follow-up study. Setting: Public Danish hospitals. Participants: A total of 25 354 patients 65 years or older who were admitted with a hip fracture in Denmark between 2010 and 2013. Intervention: The process performance measures, including systematic pain assessment, early mobilization, basic mobility assessment at arrival and at discharge, post-discharge rehabilitation program, anti-osteoporotic medication and prevention of future fall accidents measures, were analysed individually as well as an opportunity-based score defined as the proportion of all relevant performance measures fulfilled for the individual patient (0-50%, 50-75% and 75-100%). Main Outcome Measures: Thirty-day mortality, 30-day readmission after discharge and length of stay (LOS). Results: Fulfilling 75-100% of the relevant process performance measures was associated with lower 30-day mortality (22.6% vs. 8.5%, adjusted odds ratio (OR) 0.31 (95% CI: 0.28-0.35)) and lower odds for readmission (21.7% vs. 17.4%, adjusted OR 0.78 (95% CI: 0.70-0.87)). The overall opportunity score for quality of care was not associated with LOS (adjusted OR 1.00 (95% CI: 0.98-1.04)). Mobilization within 24 h postoperatively was the process with the strongest association with lower 30-day mortality, readmission risk and shorter LOS.
Introduction
The prognosis after hip fracture remains serious and significantly worse than for comparable patients undergoing hip replacement [1] .
The majority of patients with hip fractures are treated surgically and hospitalized for several days [2] . Quality of in-hospital care is therefore a particular concern in this patient group. However, currently the strength of the available evidence for the association between specific care processes to hip fracture patient and patient outcome is almost entirely drawn from uncontrolled before and after studies with inconsistent results [3] . To the best of our knowledge, only two previous studies have examined the association between meeting specific process performance measures and clinical outcomes among patients with hip fracture, but the results were inconsistent [4, 5] . There is consequently a need for further studies as we lack knowledge about the clinical effectiveness of the recommended processes of care in routine clinical settings. Hence, it is not documented whether the hospitals can in fact significantly influence outcomes among patients with hip fracture by complying with clinical guidelines recommendations. We therefore examined the association between process performance measures and 30-day mortality, readmission within 30 days after discharge and length of stay (LOS) in a routine setting among unselected patients.
Methods
This study was based on nationwide data from medical registries in Denmark, a country with 5.6 million inhabitants with free access to medical care. The study was approved by the Danish Data Protection Agency (journal number 2012-41-1274).
Data sources
The Danish Multidisciplinary Hip Fracture Registry (DMHFR) was used to identify hip fracture patients (including medial, pertrochanteric or subtrochanteric femoral fractures) at 65 years or older. DMHFR is a clinical quality registry, established in 2003 to document and improve in-hospital quality of care. The registry includes patient-level data on quality of care reflected by receiving seven process performance measures. The process performance measures reflect recommendations from the national clinical guidelines on hip fracture care in Denmark. A multidisciplinary expert panel consisting of experienced clinicians (physicians, nurses, physiotherapists and occupational therapists) identified the process performance measures covering in-hospital care based on a systematic literature search. The ability of the process performance measures to reflect the multidisciplinary efforts involved in modern hip fracture care and the feasibility of the collection of the required data in routine setting were also considered.
Data are prospectively collected for each patient from the time of hospital admission, and project participation is mandatory for all Danish hospital departments treating hip fracture, which allowed complete follow-up on the process performance measures [6, 7] . A structured audit process is carried out every year to critically assess the quality and completeness of the data. From the Danish National Registry of Patients (DNRP), we furthermore obtained Charlson comorbidity index data using the unique personal identification number assigned to each Danish citizen [8, 9] . The DNRP serves as a basis for reimbursement in the Danish health care system and includes administrative data for all hospitalizations and diagnoses coded according to the International Classification of Diseases version 10 (ICD-10) from 1977 [10] . The Danish Civil Registration System maintained electronic records of changes in vital status and migration for the entire Danish population on a daily basis since 1968, which allowed complete followup on mortality in the study [8, 11] . Furthermore, data on socio demographic characteristics on the patients were obtained from Statistics Denmark [12] .
Study population
We identified all hip fracture patients registered in the DMHFR with a discharge date between 1 March 2010 and 31 November 2013 (N = 26 271). Patients with a second hip fracture during this study period were only included once; therefore, 821 hip fracture procedures were excluded (n = 821). Furthermore, patients, who had immigrated within the last 5 years, were excluded because of insufficient information in the Danish registries (n = 80) along with patients with no registered address (n = 16). Our study cohort therefore included 25 354 patients.
Process performance measures
The quality of in-hospital care was assessed using the following performance measures: (i) daily systematic pain assessment using a visual analog scale or a numeric rating scale at rest and during mobilization [13] , (ii) being mobilized within 24 h postoperatively, defined as assisting the patient from bed rest to walking or rest in a chair, (iii and iv) basic mobility assessment using a validated test such as Cumulated Ambulation Score, Barthel 20, Functional Recovery score or New Mobility score [14] [15] [16] prior to admission measured at admission and at discharge measured prior to discharge, (v) post-discharge rehabilitation program including assessment of activities of daily living with a validated test before fracture and again before discharge, (vi) initiation of treatment to prevent future fall accidents, including a fall risk assessment to account for coexisting medical conditions, medication, functional disability, symptoms from the central nervous system, musculoskeletal system and cardiopulmonary status and (vii) initiation of treatment with anti-osteoporotic medications. Patients were classified as eligible or ineligible for each individual process performance measure depending on whether the hospital staff identified contraindications (e.g. dementia that disabled the patients from reporting their level of pain during mobilization). The number of patients assessed in the analysis of the individual process performance measures therefore varied.
Clinical outcomes
Thirty-day mortality Follow-up started on the day of hospital admission and ended after 30 days.
Readmission within 30 days
Readmission was defined as an acute all-cause readmission to any Danish hospital within 30 days after discharge.
Length of stay
Defined as time span from hospital admission to hospital discharge. The discharge date was defined as the date of discharge to home, a nursing home or death. If the patients were transferred between hospital units, the days spent in all units were included.
Covariates
A prior-defined covariates included: age, sex, Charlson comorbidity index, body mass index (BMI), housing, type of fracture and fracture displacement type of surgery and time to surgery that was classified as <24, 24-48, >48 h [17] . Furthermore, we adjusted for socioeconomic variables including civil status (cohabitants/living alone) and family mean income. To account for yearly variation in income, we calculated the average income in the 5 years before admission for the patient and cohabiting partner. All patients were divided into quartiles of increasing income. At unit level we adjusted for hospital setting (orthopedic unit or orthogeriatric unit) and hip fracture patient volume per year (<152, 152-350 >350) [18, 19] .
Statistical analysis
Data were analyzed using Stata 14.0 (StataCorp LP, College Station, TX, USA) and multilevel regression modeling (xtmelogit and xtmixed procedure), taking into account the hierarchical data structure with patients nested in units. We first examined the association between each individual performance measure and the clinical outcomes. Second, the quality of care was summarized using an opportunity-based measure. For each patient, the total number of relevant performance measures was defined as the denominator and the number of performance measures actually complied with was defined as the numerator, and the proportion of relevant performance measures the single patient met was computed. The opportunity-based score was divided into categories of fulfillment (0-50%, 50-75% 75-100%), and we examined the association between the opportunity score and 30-day mortality, readmission within 30 days of discharge and LOS, respectively. The multilevel regression analyses included three models; Model 0 adjusted for the hierarchical data structure, Model I adjusted for potential covariates mentioned above and Model II included the covariates in Model I and all the process performance measures. The Model II therefore mutually adjusted for correlation between the process performance measures. The association between performance measures and 30-day mortality or readmission within 30 days of discharge was analyzed using multilevel logistic regression model. The association between the performance measures and LOS was analyzed using multilevel linear regression modeling. We used a natural log transformation to correct for the right skewness in LOS, and the results were reported as ratios between geometric means. The association was adjusted for the above-mentioned covariates.
To evaluate the robustness of our findings, the mortality analyses were also done excluding patients who died during hospitalization. To handle missing data on the covariates such as BMI, housing, fracture displacement and time to surgery, we used multiple imputations procedure using all available information from patients presented in Table 1 , including also outcome data [20] . Categorical variables were imputed using the ologit method. We used 25 imputed data sets to reduce sampling variability from the imputation process. All analyses were also performed as compete-case analysis.
Results
Our study cohort included 25 354 hip fracture patients from all 26 units treating patients with hip fracture in Denmark. Table 1 summarizes the patient characteristics. Patients receiving 0-50% of the relevant process performance measures tended to have a more adverse prognostic profile. However, the differences were small. For the patients for whom it was relevant, 81.8% received systematic pain assessment, 77.6% were mobilized within 24 h after surgery, 74.6% received basic mobility assessment, 95.0% received a postdischarge rehabilitation program, 89.3% anti-osteoporotic medication and 89.3% prevention of future fall accidents. Overall, the 30-day mortality in the cohort was 11.2%. Table 2 shows crude and adjusted odds ratios (ORs) for death within 30 days according to the individual process performance measures met. All seven performance measures were associated with lower 30-day mortality. The adjusted mortality ORs ranged from 0.40 (95% CI: 0.35-0.45) for systematic pain assessment to 0.78 (95% CI: 0.67-0.91) for basic mobility assessment at discharge. When we mutually adjusted for all process performance measures, mobilization within 24 h postoperatively and receiving a post-discharge rehabilitation program, respectively, remained independently associated with lower 30-day mortality. Analyses with exclusion of patients who died during hospitalization (n = 1713, 6.8%) showed weakened associations, but patients with fulfilled process performance measures still had lower adjusted ORs and the associations remained statistically significant for five out of seven process performance measures (Appendix 1). For patients who fulfilled 0-50%, 50-75% and 75-100% of the process performance measures, the 30-day mortality was 22.6%, 17.4% and 8.5%, respectively (Table 3) . We found a dose-response relationship between the proportion of the relevant process performance measures met and the 30-day mortality. Using patients receiving 0-50% of the process performance measures as a reference, the adjusted ORs for 30-day mortality were 0.71 (95% CI: 0.61-0.81) and 0.32 (95% CI: 0.29-0.36) for receiving 50-75% and 75-100% of the relevant process performance measures, respectively (Table 3) . Table 4 shows crude and adjusted ORs for readmission within 30 days after discharge according to the process performance measures met. Among patients who were mobilized within 24 h postoperatively, 16.9% were readmitted compared to 20.7% for patients mobilized after 24 h (adjusted OR 0.84, 95% CI: 0.78-0.92). Readmission was also lower for patients who received systematic pain assessment (21.1% vs. 16.9%, adjusted OR 0.80 (95% CI: 0.72-0.89)) and anti-osteoporotic medication (21.4% vs. 17.5%, adjusted OR 0.79, 95% CI: 0.70-0.88). In the mutual adjustment, all three performance measures were independently associated with lower odds for readmission. For the opportunity-based score, patients receiving 0-50%, 50-75% and 75-100% process performance measures 21.7%, 17.7% and 17.4% were readmitted to the hospital, within 30 days of discharge, respectively (see Table 3 ). Receiving 75-100% of the relevant process performance measures was associated with a decreased adjusted OR for readmission within 30 days of 0.78 (95% CI: 0.70-0.87) compared to receiving 0-50% of the relevant process performance measures.
Patients who were mobilized within 24 h postoperatively had a median LOS of 8.1 days compared to 9.8 days for patients mobilized after 24 h (adjusted relative LOS = 0.88 (95% CI: 0.86-0.89)). For the remaining six performance measures, the differences in LOS were <1 day (Table 5) . No association was seen between the opportunity-based score and LOS, see Table 3 .
Complete case analyses provided results comparable to the imputation analyses.
Discussion
In this nationwide population-based study of hip fracture patients, we found that mobilization within 24 h postoperatively and discharging patients with a rehabilitation program was associated with a lower 30-day mortality risk. Receiving mobilization within 24 h postoperatively was also associated with lower risk for early readmission and shorter LOS. Furthermore, receiving systematic pain assessment and anti-osteoporotic medication was associated with lower risk of readmission. Moreover, the overall opportunitybased score was associated with lower 30-day mortality and 30-day readmission.
The process performance measures in our study are proxy measures believed to influence the prognosis and mortality among hip fracture patients. Systematic pain assessment and basic mobility assessment may not per se reduce 30-day mortality; however, assessment may promote adequate mobilization and prevent bed rest complication such pulmonary embolism and infections and myocardial infarction. This is supported by our analysis with the mutually adjustment for the process performance measures where only mobilization and receiving a post-discharge rehabilitation program remained independently associated with 30-day mortality.
An observational study by Siu et al. with 554 patients has previously found that early mobilization initiated on first postoperative Table continued day was associated with improved function, survival and readmission [5] . However, the association did not remain statistical significant in the adjusted analyses. This may be explained by the relative small study size in this study, which may have affected the statistical power in the adjusted analysis, as the point estimates still indicated an association after adjustment. LOS was also lower for patients receiving mobilization within 24 hours postoperatively in our study. This has previously been Table continued reported from a randomized controlled trial from Australia with 60 patients [21] . Here early mobilization accelerated functional recovery and contributed to a 2.1 days shorter LOS. This is comparable to our finding of a difference in LOS of 1.7 days. We are unaware of any studies that have investigated the association between receiving a post-discharge rehabilitation program and mortality among hip fracture patients. It can be hypothesized that receiving the rehabilitation program before discharge is a proxy measure for a good transition to the health service in the municipalities, which accelerates recovery and contributes to lower mortality.
Our finding of an overall association between the opportunitybased score of process performance and 30-day mortality is in accordance with previous findings from another Danish study based on a somewhat different set of process performance measures, which found an adjusted OR for 30-day mortality of 0.28 (95% CI: 0.18-0.44) for receiving 81-100% of relevant processes performance measures [4] . To the best of our knowledge, no prior studies have examined the association between the specific performance measures used in our study and readmission within 30 days. Siu et al. also assessed the association between nine quality measures and readmission within 2 months [5] . They found an adjusted hazard ratio of readmission within 2 months of 0.95 (95% CI: 0.91-0.98) for meeting the whole scale of processes of care. The stronger association revealed in our study may be explained by that our study examines performance measures and not patient predictors such as abnormal clinical findings before surgery and number of days of severe pain. No performance measures were independently associated with lower readmission rates. In our study, we found that performance measures such as systematic pain assessment, mobilization within 24 h postoperative and initiation of anti-osteoporotic medication were independently associated with lower odds for all-cause readmission within 30 days after discharge. This study has potential limitations. Data were collected by a large number of clinicians during routine clinical work, which may reduce the reliability of data. However, major efforts including dissemination of detailed written instructions for reporting of data to the DMHFR and regular clinical audits have been carried out to ensure validity of the data. The process performance measures can only describe whether the patient has been assessed but does not provide information concerning whether patients actually were treated appropriately according to results of the assessments [7] . However, such miscoding and misclassification are highly unlikely to be differential and would therefore tend to underestimate rather than overestimate the true association. Furthermore, our results may have been influenced by confounding by contraindication. The staff may have been less likely to offer early and appropriate care for frail patients near end-of-life. However, the staff had the possibility to consider the patients ineligible for the process performance measures, e.g. if the patient was found too weak to participate in mobilization and therefore excluded from the analysis. Furthermore, we conducted a sensitivity analysis excluding all patients who died during hospitalization and found the same associations. Still, we cannot exclude the possibility that our findings remain influenced by unmeasured and residual confounding (e.g. lack of information on preoperative functional level or preexisting dementia) [22, 23] .
The strengths of our study include the population-based design with prospective data collection and complete follow-up, which minimized the risk of selection and information bias. Furthermore, we were able to adjust for a range of potential confounders. Unfortunately, no nationwide data quality audit of DNRP-reported diagnosis and operation codes for emergency patients with proximal femoral fracture exist. However, a regional pilot test indicates high predictive value for the presence of true operated hip fracture for the combination of the code for diagnosis of hip fracture and hip surgery code.
The total variation at the unit level was low, which indicates that the patients in the units were not much correlated. However, we used the hierarchical structure to include explanatory variables such as unit volume and unit setting at unit level.
Conclusions
In conclusion, individual and opportunity-based process performance measures of in-hospital care were associated with patient outcomes including 30-day mortality, early readmission and LOS among patients with hip fracture. Looking at the process performance individually, mobilization within 24 h postoperatively was particularly strongly associated with a better all-patient outcomes, while systematic pain assessment and anti-osteoporotic medication were linked with lower odds of readmission. These findings link hospitals' performance with better survival and lower readmission risk, which may have substantial implications for hip fracture patients and health care as it represents a feasible avenue for improving quality of care for hip fracture patients.
